Mechanisms regulating myofibroblastic differentiation of fibroblasts within fibroblastic foci in idiopathic pulmonary fibrosis (IPF) remain unclear. Epigenetic processes, including DNA methylation, produce heritable but potentially reversible changes in DNA or its associated proteins and are prominent in development and oncogenesis. We have shown that Thy-1 suppresses myofibroblastic differentiation of lung fibroblasts and that fibroblasts in fibroblastic foci are Thy-1(2). Epigenetic down-regulation of Thy-1 has been demonstrated in cellular transformation and clinical cancer. We hypothesized that epigenetic regulation of Thy-1 affects the lung fibroblast fibrogenic phenotype. RT-PCR, methylation-specific PCR (MSP), and bisulfite genomic sequencing were used to determine the methylation status of the Thy-1 promoter in Thy-1(1) and Thy-1(2) lung fibroblasts, and MSP-in situ hybridization (MSPISH) was performed on fibrotic tissue. Thy-1 gene expression is absent in Thy-1(2) human and rat fibroblasts despite intact Thy-1 genomic DNA. Cytosine-guanine islands in the Thy-1 gene promoter are hypermethylated in Thy-1(2), but not Thy-1(1), fibroblasts. RT-PCR and MSP demonstrate that, in IPF samples in which Thy-1 expression is absent, the Thy-1 promoter region is methylated, whereas in lung samples retaining Thy-1 expression, the promoter region is unmethylated. MSPISH confirms methylation of the Thy-1 promoter in fibroblastic foci in IPF. Treatment with DNA methyltransferase inhibitors restores Thy-1 expression in Thy-1(2) fibroblasts. Epigenetic regulation of Thy-1 is a novel and potentially reversible mechanism in fibrosis that may offer the possibility of new therapeutic options.
The most pernicious form of pulmonary fibrosis is idiopathic pulmonary fibrosis (IPF), which is a chronic, fatal pulmonary disorder with an approximately 70% mortality rate 5 years after diagnosis (1) . The pathogenesis of IPF is poorly understood. A distinct feature of IPF is the development of fibroblastic foci (FF), which represent areas of active fibrosis (2) . The majority of cells within FF are myofibroblasts, which are contractile fibroblasts felt to be the main source of abnormal extracellular matrix production in IPF (3, 4) . Pulmonary fibroblasts are heterogeneous; one of the most extensively characterized in vitro models is based on Thy-1 surface expression. Thy-1 (CD90) is a glycosylphophatidylinositol-linked outer membrane leaflet glycoprotein that is expressed on subsets of neural cells, lymphocytes, and fibroblasts (5) . The differential expression of Thy-1 in lung fibroblasts affects multiple aspects of the fibrogenic phenotype (5, 6) . Thy-1 is an important regulator of cellcell and cell-matrix interactions and regulates intracellular signaling pathways (7, 8) . Most normal human lung fibroblasts are Thy-1(1), whereas in FF the majority of myofibroblasts are Thy-1(2) (9) . Studies show that Thy-1(1) and Thy-1(2) subsets have distinct functional properties. Rat lung Thy-1(2) fibroblasts can activate latent TGF-b and express higher levels of asmooth muscle actin, desmin, myosin, MyoD, myocardin, and myogenin. Thy-1(2) fibroblasts also are more contractile and are more resistant to collagen-induced apoptosis compared with Thy-1(1) rat lung fibroblasts (10, 11) .
These differences between Thy-1(1) and Thy-1(2) fibroblasts indicate that Thy-1(2) fibroblasts are more completely differentiated myofibroblasts and that the absence of Thy-1 expression correlates with a more profibrotic myofibroblast phenotype (9) . Because most normal lung fibroblasts are Thy-1(1), we investigated the potential mechanisms regulating the emergence of Thy-1(2) fibroblasts in FF. Thy-1 is regulated developmentally and spatially (12) by post-transcriptional mechanisms such as occur in axonal growth in mice and rats (13) or through alterations in steady-state Thy-1 mRNA levels, such as in T-lineage cells in mouse (14) . Cell-surface Thy-1 may also be regulated by protein shedding (9) . In some types of cancer, such as nasopharyngeal carcinoma, Thy-1 expression can be regulated by the epigenetic mechanism of promoter region methylation (15) , in which down-regulation of Thy-1 is associated with a more invasive/metastatic clinical phenotype.
Although extensive studies have been done regarding epigenetic regulation in cancer, few studies have investigated this mechanism in fibrotic diseases. In this study, we show that epigenetic regulation may also play an important role in lung fibrosis. We demonstrate that methylation of the Thy-1 gene promoter region causes loss of Thy-1 gene expression in rat and human lung fibroblasts, whereas methyltransferase inhibition can induce partial re-expression of the gene in vitro. We confirmed this finding by sequencing the promoter region with bisulfite-modified DNA in lung fibroblasts. In archived IPF lung samples, we showed that loss of Thy-1 expression correlates
CLINICAL RELEVANCE
We report reversible epigenetic suppression of Thy-1 in lung fibroblasts in vitro and evidence of Thy-1 promoter hypermethylation in fibroblastic foci in idiopathic pulmonary fibrosis (IPF), suggesting an important role for epigenetic regulation as a novel pathogenic mechanism in IPF.
with hypermethylation of the promoter region of the Thy-1 gene. In situ methylation specific PCR in samples from patients with IPF confirmed that hypermethylation of the promoter region of Thy-1 occurs in FF.
MATERIALS AND METHODS

Cell Culture and Tissue Sources
Primary rat lung fibroblasts were cultured as described previously (16) . Primary human lung fibroblasts (HNL-24) were cultured from uninvolved human lung tissue obtained at lung resection (49-year-old woman, lung cancer) and used before passage (P) 10; CCL-210 human lung fibroblasts (20-year-old woman, head trauma) purchased from American Type Culture Collection at unknown passage number and used at P , 8 since purchase. Both primary cell lines were sorted for surface expression of Thy-1 by flow cytometry. Human lung tissues were obtained with informed consent at biopsy, autopsy, or lung transplantation at the University of Alabama or the Instituto Nacional de Enfermedades Respiratorias; the diagnosis of IPF is based on the pathologic and clinical history findings, which fulfilled the criteria of the American Thoracic Society and European Respiratory Society (17) . All patients with IPF had the pathologic diagnosis of usual interstitial pneumonia (UIP). Ages ranged from 53 to 71 years, and 60% of the patients were female.
Cell Treatments
Cells were seeded in culture flasks 24 hours before treatment. Culture medium with 5 mM 5-aza-29-deoxycytidine (AZA), a demethylation agent (Sigma, St. Louis, MO) was added to the cells. The medium was changed every 24 hours with freshly added AZA. After 3 days, cells were harvested for total RNA and DNA extraction.
Total RNA, DNA Extraction and Modification, RT-PCR, PCR, and Real-Time RT-PCR Genomic DNA was extracted from cells and tissues using the DNeasy Tissue kit from Qiagen, and total RNA was extracted using the RNeasy mini kit (Qiagen, Germantown, MD). Bisulfate modification of DNA was performed by using a DNA modification kit (Zymo Research, Orange, CA). Total RNA (1 mg) was used for making cDNA with the Advantage RT-for-PCR kit (Clontech, Mountain View, CA). PCR primers are as previously described (10) or as listed in Table 1 . Realtime RT-PCR was performed by using iQ SYBR Green Supermix with a iCycler iQ (Bio-Rad, Hercules, CA); each sample was performed in triplicate and normalized to GAPDH as previously described (10) . A linear regression approach was used to estimate input mRNA in comparison to that of GAPDH without the need for assumption of equal PCR efficiencies (18) .
Sequencing of the Thy-1 Promoter
For analysis of the Thy-1 promoter region for possible aberrations such as insertion/deletion or mutation leading to loss of Thy-1 expression, we amplified the promoter regions of rat and human Thy-1 from genomic DNA extracted from the Thy-1(1)/Thy-1(2) cell lines. The primers for sequencing are rat F 59-AAGAGGAGGCTGCAAGC TAG-39, R 59-TTGGAACTCGTGAGGTAGCC-39; human F 59-ACTAGGCAGGGATGAGCAAG-39, R 59-ACGAAGGCTCTGG TCCACTA-39. The PCR products were amplified and cleaned with a PCR Purification kit (Qiagen) and directly sequenced at the nucleic acid sequencing core facility at the University of Alabama.
Bisulfite Conversion and Methylation-Specific PCR
Bisulfite converts unmethylated cytosine into uracil, whereas methylated cytosine is left unchanged. Extracted DNA samples (Qiagen DNeasy tissue kit) were bisulfite-converted using the EZ DNA Methylation-Gold kit (Zymo Research) according to the manufacturer's instructions. The methylation status of Thy-1 in the rat and human Thy-1(1) and Thy-1(-) lung fibroblasts and IPF lung tissues were investigated by methylation-specific PCR (MSP). The sequences of the Thy-1 promoter region of rat and human were retrieved from Ensembl (www.ensembl.org) with rat Thy-1 ID ENSRNOG00000006604 and human Thy-1 ID ENSG00000154096. GC-rich regions of Thy-1 promoter region were identified by Methprimer software (19) to fulfill the criteria of a CpG island in rat and human gene sequences, and appropriate primers were designed. MSP primer sets for rat and human Thy-1 promoter CpG islands in methylated (M) or unmethylated (U) states are as shown in Table 2 , and their positions within the Thy-1 promoter are shown in Figure 2 (closed arrows). All PCRs were performed under the following conditions: 958C for 5 minutes, then 38 cycles of 958C for 30 seconds, 608C for 30 seconds, and 728C for 30 seconds, followed by 5 minutes of 728C extension.
Bisulfite Genomic Sequencing
Bisulfite-converted DNA samples were subjected to PCR with primers that did not discriminate between methylated and unmethylated sequences, and the cleaned PCR products were subjected to sequencing directly. The bisulfite genomic sequencing primers for rat are as shown in Table 2 , and their positions within the Thy-1 promoter are shown in Figure 2C (open arrows). The PCR reaction conditions are described above.
Immunofluorescence
Immunofluorescence microscopy was performed as previously described (10).
Immunohistochemistry and MSP In Situ Hybridization
Immunohistochemistry (IHC) was performed as previously described (9, 20) . The sections were prepared from paraffin-embedded tissues from patients with IPF. The MSP in situ hybridization (MSP-ISH) protocol was as published (20) . Briefly, the paraffin-embedded samples from patients with IPF were digested with pepsin (2 mg/ml in 0.1 M HCl) for 30 minutes, washed in water for 1 minute, and air dried. The samples were incubated in 0.2 M NaOH for 10 minutes at 378C then placed in 3 M sodium bisulfite solution and incubated at 558C for 15 hours followed by incubation in 0.3 M NaOH for 5 minutes.
The PCR in situ hybridization protocol was followed as in Ref. 21 . After 3 minutes at 948C for denaturation, 35 cycles were performed at 948C for 1 minute and 558C for 1.5 minutes. One section of each slide was analyzed with 1-mM primers specific for methylated Thy-1 sequence, another section was analyzed with unmethylated primers, and third section was analyzed with no primers as control. After amplification, ISH was performed using a methylated-specific internally digoxigenin-labeled probe (1 mg/ml) diluted with Hybrisol VII (Oncor, Gaithersburg, MD). This corresponded to the M product generated by methylation-specific PCR (MSP) as described above. The amplicon and the probe were co-denatured at 958C for 5 minutes, hybridized at 378C for 2 hours, and washed in 13 SSC (0.15 M sodium chloride/0.015 M sodium citrate [pH7]) with 2% BSA for 10 minutes at 528C, incubated with the anti-digoxigenin alkaline phosphatase conjugate (1:200; Roche Molecular Biochemicals, Basel, Switzerland), and exposed to the chromogen nitroblue tetrazolium and 5-bromo-4-chloro-3-indolyl phosphate (Enzo Diagnostics, Farmingdale, NY) at 378C. The final counter stain, nuclear fast red, stains the negative cells pink in contrast to the blue signal. To determine the relative degree of Thy-1 expression or promoter hypermethylation detected by IHC, ISH, or MSP-ISH, a semiquantitative scoring system was used. For each sample, 10 high-power (4003) 
Statistical Analysis
Comparisons involving three or more groups were analyzed using oneway ANOVA (Newman-Keuls method for multiple comparisons). A P value of 0.05 was used to determine statistical significance. We previously demonstrated that Thy-1 is absent in the FF of IPF and in Thy-1(2) lung fibroblasts and that the absence of Thy-1 correlates to myofibroblastic differentiation (9, 10) . In areas of dense fibrosis where myofibroblasts are scant, Thy-1 is expressed in fibroblasts, whereas in fibroblastic foci, Thy-1 is absent from myofibroblasts and is present in epithelium ( Figure  1 , IHC panels at upper left). To test the possibility that mutation of the Thy-1 gene sequence leads to the reduced or absent Thy-1 expression in these situations, we sequenced the promoter region of Thy-1 in rat lung fibroblasts. There is no difference in the gene sequence in Thy-11 and Thy-1(2) cells (data not shown). PCR for genomic DNA shows that the Thy-1 gene is intact in the Thy-1(2) cells and tissues as shown in DNA gels in Figure 1 , whereas RT-PCR demonstrates Thy-1 mRNA only in Thy-1(1) rat and human lung fibroblasts and in human samples expressing Thy-1. The results exclude the possibility that the absence of Thy-1 expression in the cells or tissues is due to genetic deletion or mutation. To investigate the mechanism of the absence of expression of Thy-1, we analyzed whether promoter region hypermethylation could be responsible for the down-regulation of Thy-1 expression. MSP on DNA extracted from archived specimens indicated that the samples in which Thy-1 expression was absent demonstrated strong methylation at the promoter region of Thy-1, whereas the ones in which Thy-1 expression is present are unmethylated ( Figure  1, lower left gel images) . Because of the heterogeneous nature of fibrosis in IPF, fibroblastic foci are often admixed with areas of relatively normal lung tissue and areas of dense inactive fibrosis in biopsy samples. Accordingly, some of the samples contained methylated PCR and unmethylated PCR product, indicating heterogeneity within tissues (faint U band in the Thy-1(2) sample; Figure 1 , lower left). Our results in cultured fibroblasts show that the promoter region of Thy-1 in Thy-1(2) rat lung fibroblasts is predominantly methylated (M band in Figure 1 ; lower middle panel), whereas in Thy-1(1) cells it is predominantly unmethylated (U band), as is the case in human Thy-1(1) and Thy-1(2) lung fibroblasts (Figure 1 , lower right panels).
Specific CpG Sites within
CpG Islands in the Thy-1 Promoter Region Are Hypermethylated in Thy-1(2
) Fibroblasts
To confirm our findings, we performed direct bisulfite sequencing on rat lung fibroblasts. Bisulfite chemically converts unmethylated cytosine to uracil but has no effect on methylated cytosine (Figure 2A ) (22) . Our findings demonstrate that 9 out of 13 CpG sites in the Thy-1 promoter region we sequenced are hypermethylated in Thy-1(2) fibroblasts ( Figure 2B ). Two of the sites shown are partially methylated (.50%)( number 1 and 10 CpG sites in Figure 2B ). The CpG sites in the rat and human promoter, their methylation status if known, and the primers used for MSP and bisulfite sequencing are depicted in Figures  2C and 2D .
Immunohistochemistry and In Situ MSP
To more clearly explore Thy-1 methylation status relative to Thy-1 expression specifically within FF in patients with IPF, we performed IHC, ISH, and MSP-ISH (21) . The latter technique can demonstrate the methylation status of the promoter region of Thy-1 within specific histologic regions and can be compared with Thy-1 mRNA expression by ISH and to Thy-1 protein expression by IHC within adjacent sections. IHC in normal lung demonstrates Thy-1 expression in elongated cells within alveolar septae corresponding to the location of interstitial fibroblasts, consistent with our previous studies ( Figure 3, upper left) . In IPF, Thy-1 is absent from mesenchymal cells within fibrotic areas but is expressed in the epithelium overlying fibrotic foci ( Figure 3, upper right) . ISH confirms the absence of Thy-1 expression in mesenchymal cells and its presence in the epithelial cells overlying FF (Figure 3, middle left) . The MSP-ISH findings indicate that within mesenchymal cells in FF, the absence of Thy-1 expression by IHC and ISH correlates to the presence of hypermethylation in the Thy-1 promoter (blue nuclei in spindle-shaped cells; Figure 3 , lower panels). Six cases of IPF and three normal control lungs were examined for Thy-1 expression and Thy-1 promoter hypermethylation in situ by IHC, ISH, and MSP-ISH. Within FF, Thy-1 scoring by IHC and ISH was 0 for all samples, whereas in regenerating epithelium overlying FF, the Thy-1 scoring by IHC and ISH was 1 to 21. Normal lung tissue had Thy-1 scores of 1 to 21 in alveolar septae. By MSP-ISH, Thy-1 promoter methylation was 2 to 31 in FF but was 0 in regenerating epithelium and in normal alveoli. Figure 4 demonstrates IHC, ISH, and MSP-ISH in the same area in serial sections from one patient with IPF, again demonstrating Thy-1 protein and mRNA in epithelium overlying fibroblastic foci (Figure 4 , red and blue arrows, upper panels) but no Thy-1 in fibroblasts within FF. MSP-ISH shows Thy-1 promoter hypermethylation in fibroblastic cells (Figure 4 , large red arrow, lower left) but not in overlying epithelium (Figure 4 , small arrow).
Thy-1 Is Re-expressed in Thy-1(2) Cells after Demethylation Treatment
To determine whether interfering with epigenetic mechanisms could induce re-expression of Thy-1 in vitro, we treated Thy-1(2) cells with AZA, which can inhibit de novo and maintenance methylation (23) . AZA treatment leads to the re-expression of Thy-1 mRNA in Thy-1(2) rat lung fibroblasts ( Figures  5A and 5B) . We confirmed the demethylation effect of AZA by bisulfite sequencing after treating the cells with AZA (see Figure  2B ), which indicated that only one CpG site remains methylated, compared with nine methylated CpG sites without treatment. The expression of Thy-1 protein on the cell surface also increased after treatment with AZA, as indicated by flow cytometry using CD90 (Thy-1) antibody ( Figure 5C ). Human Thy-1(2) lung fibroblasts showed results similar to the Thy-1(2) rat lung fibroblasts ( Figure 5D ). The mostly Thy-1(2)HNL-24 human lung fibroblasts demonstrated promoter hypermethylation by MSP; after treatment with AZA, the cells had increased Thy-1 expression compared with untreated cells ( Figure 5D ). These results suggested that the decreased expression of Thy-1 in Thy-1(2) cells was related to reversible epigenetic mechanisms, including DNA promoter region methylation.
mRNA Expression Levels of DNA Methyltransferases and Methyl Binding Proteins Do Not Correlate with Thy-1 Promoter Region Methylation
The underlying mechanisms for the Thy-1 promoter region demethylation or methylation in Thy-1(1) or Thy-1(2) cells, respectively, are unclear. We compared the mRNA expression levels of DNA methyltransferases (DNMTs) and methyl-CpGbinding domain proteins (MBD) to investigate the possible mechanism for the observed methylation differences. By realtime RT-PCR normalized to GAPDH, DNMT expression is unexpectedly higher in Thy-1(1) cells than the Thy-1(2) cells ( Figure 6 ). The expression of two principal MBD does not differ significantly between the subsets. This suggests the methylation pattern of Thy-1 promoter region cannot be attributed to the differences in expression of methyltransferases and/or methylbinding proteins at the mRNA level. Table 2 and depicted in Figures 2C and 2D . MSP products are shown in the lowermost panels. M and U refer to primers specific for methylated and unmethylated promoter fragments, respectively. and within IPF tissues indicate that the absence of Thy-1 expression in lung fibroblasts correlates with a more profibrotic myofibroblast phenotype, as shown here in Figure 1 (9, 11, 24) . The mechanisms by which Thy-1 expression is regulated in fibroblasts are unclear. We previously demonstrated reversible shedding of Thy-1 associated with exposure of fibroblasts to inflammatory cytokines. However, inflammation is not a consistent feature of fibrotic disorders such as IPF (2) . Loss of expression can result from genetic mutations, such as deletions or insertions, or from epigenetic modifications including promoter hypermethylation.
Hypermethylation of DNA at cytosine residues in CpG islands led to heritable gene silencing via the formation of a repressive chromatin structure (25) . Epigenetic events affect gene expression without affecting the gene sequence itself and are believed to be a primary mechanism causing tumor suppressor genes to be inactive and causing certain cancers (26) . Aberrant promoter methylation is a common mechanism for the transcriptional inactivation of certain genes in many types of cancer, including tumor suppressor genes, cell regulatory genes, and apoptosis-related genes. For example, the tumor suppressor gene p16 is hypermethylated in many tumor types, including colorectal, lung. and breast cancers (27) .
The absence of Thy-1 expression in a rat T-cell lymphoma cell line has been shown to be associated with DNA hypermethylation in the promoter region and is reversible upon exposure to 5-azadeoxycytidine (28). Thy-1 has been proposed as a tumor suppressor gene in nasopharyngeal carcinoma (15) and is down-regulated through promoter region methylation, associated with a more invasive/metastatic clinical phenotype. In this study, we have demonstrated that the absence of Thy-1 expression in Thy-1(2) primary lung fibroblasts and in IPF samples can be attributed in part to epigenetic regulation through Thy-1 promoter hypermethylation (Figures 1-4) . Demethylation in the Thy-1(2) cells restores Thy-1 gene expression ( Figure 5 ). Human and rat lung fibroblasts demonstrate similar results.
DNA methylation is regulated in part by DNMT enzymes. This family includes DNMT1, which has maintenance DNA methylase activity; and DNMT3a and DNMT3b, which are de novo methyltransferases (22) . Over-expression of DNMTs is one possible mechanism of gene hypermethylation (29) . Methyl-CpG-binding proteins are a group of proteins thought to inhibit the binding of transcription factors to gene promoters and thus are proposed as another mechanism of transcription inhibition by hypermethylation (30) . Although there are reports that DNMTs are overexpressed (31, 32) , other studies demonstrate no association between the mRNA expression levels of DNMTs and methyl-CpG-binding proteins and the methylation status of tumor-suppressed genes (33, 34) . In this study, we found neither DNMT1, -3a, -3b, nor MBD1 or Mecp2 methylbinding proteins to be overexpressed in Thy-1(2) cells. In fact, Thy-1(1) had higher levels of mRNA for the methyltransferases. This was unexpected because DNMT expression, especially DNMT3a and -3b, is usually associated with hypermethylation (29) . However, the regulation of methylation by 
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DNMTs is complex and involves multiple molecular interactions, such that expression of a particular DNMT at the mRNA level may not correlate with hypermethylating activity for a particular gene promoter (35) . Previous studies in colorectal cancer (33) and hepatocellular carcinoma (36) failed to show any significant correlation between methylation status and the DNMT mRNA expression levels. Also, because we analyzed serially passaged cell populations from established cultures, it is possible that transiently up-regulated DNMTs and/or MBD in a previous generation determined the aberrant gene methylation status, which is heritable in subsequent cell generations, and that to maintain the pattern, relatively low enzyme expression would be sufficient. Nevertheless, the demethylation of all but one CpG site in the Thy-1 promoter ( Figure 2B ) and the reversibility of Thy-1 expression with AZA strongly suggest that methyltransferase activity is involved in maintaining hypermethylation in Thy-1(2) fibroblasts.
Other well described epigenetic mechanisms involving chromatin modifications, such as histone deacetylation, can result in gene silencing (37) . Recent studies have shown that methylation and histone modifications are related (38) . More and more studies have shown that methylation of gene promoters is only one of many layers of repressive mechanisms (39) (40) (41) . We also investigated whether histone deacetylation contributes to the silencing of Thy-1 gene expression: We treated the Thy-1(2) cells with trichostatin A for 72 hours, which also resulted in re-expression of Thy-1 (data not shown; studies ongoing), suggesting that promoter region methylation and histone deacetylation contribute to the silencing of Thy-1 in Thy-1(2) lung fibroblasts. Other factors, such as transcription factors, may also be affected by AZA or trichostatin A and could promote re-expression of Thy-1. The direct bisulfite sequencing of the promoter region of Thy-1 after treatment with AZA indicates that in Thy-1(2) cells, promoter region demethylation is associated with the re-expression of Thy-1 ( Figures 2B and 5) . By removal of methyl groups, certain genes can undergo significant changes in structure characterized by partial reacetylation of histone H3 and H4 and re-methylation of H3(K4), but in other genes, the removal of DNA methylation does not result in appreciable histone reacetylation (40) . Further investigation of the role of histone acetylation in Thy-1(2) cells is ongoing.
The FF within the IPF specimens showed down-regulation or loss of Thy-1 expression by IHC and ISH, whereas the normal samples showed normal expression of Thy-1 (Figures 3  and 4) . This is consistent with our pervious findings (9) . The in situ MSP findings indicate that the loss of Thy-1 expression within the FF in patients with IPF may be caused by promoter region hypermethylation of Thy-1 (Figures 3 and 4) . It is possible to speculate that patients in whom Thy-1 expression in fibroblasts is lost by epigenetic regulation may be more prone to develop IPF. Alternately (or in addition), acute inflammation could result in Thy-1 protein shedding associated with additional migration/accumulation of Thy-1(2) myofibroblasts, with persistence of latent TGF-b activation, excessive matrix accumulation, and resistance to apoptosis (9) (10) (11) . The demonstration of Thy-1 expression in epithelial cells overlying fibroblastic foci (Figures 1, 3 , and 4) has not been previously reported. Although the significance of epithelial Thy-1 expression is unclear, it could be suggestive of epithelial-mesenchymal transition because Thy-1 is expressed on normal lung fibroblasts or could indicate emergence of a progenitor cell phenotype because Thy-1 is expressed in most stem cells (7, 8) . for Thy-1 expression in human lung fibroblasts; 5 mM AZA treated Thy-1(2) human lung fibroblasts (3 days) compared with control (2) . Experiments were performed in triplicate, and data are expressed as the ratio of Thy-1 to GAPDH by standard curve method. *P , 0.05 versus Thy-1(2) by ANOVA.
Taken together with our prior studies, the findings reported here suggest that Thy-1 may function as a ''fibrosis suppressor'' gene. The reversibility of epigenetic suppression of Thy-1 suggests that it may be possible to restore Thy-1 expression in fibroblasts, altering the profibrotic phenotype of the cells and possibly the clinical outcome in patients with IPF. This is the first report of an epigenetic mechanism causing the silencing of a specific gene in IPF. Transcriptional silencing by CpG island methylation is a common mechanism of silencing of tumor suppressors in cancer (26) . There are reports that in liver fibrosis, loss of expression of certain genes is associated with promoter region hypermethylation (42, 43) . More experiments are needed to unravel how DNA methylation together with other repression mechanisms, such as histone deacetylation, may generate distinct patterns of gene silencing in IPF. These studies could give us novel insights into the causes of pulmonary fibrosis and open the possibility of novel therapeutic approaches to this fatal disease.
